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Description 

[0001] The present invention relates to a group o, antitumor agents which by themselves are not toxio and exhibit 
an improved tumor selective cytotoxic acton _ doxorubicin have been found to exhibit their antitumor effect 

achieved probably via the generate of reactive oxygen m0 *^f^ ™ "Jet was insignificant (Structure and 

Th. »*„ * XO bk»d ««* I. «P«M to, »~ «. . «" «*g~-» 

gene»tedftoinXO«»iddoidd^l/d l ^sbtorfv»s^^^ 

enzyme selectively to the tumor tissue. The inventors of this nventior MJJWf hemore m are retained 

npidsprefembVaccumulateinthetumortissuecomparedw^ 

inthe«efora^ 

s^e?b y :^ 

[0005, Fromthepub.icationY.Matsumuraand^^ 

there is known "smancs" as - rtMpM 3S?^2SS!^Ji results regarding ovo- 
(NC S) with a and neocarzinostatin which b the parental 

mucoid, bovine serum albumin (BSA) mouse •mmwm jv n a ^ medium of 

Left. «— . «-*" » rl"!Z«SS- p»*d«l — ««- «* - 

components (C) (0 2 and H 2 0 2 ) are formed. Boin xan ' hen fts substrale B) IS 

Ster the XO has been chemically conjugated with poly-(ethylene glycol) (hereinafter called PEG , chermcally conju 
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gated XO with PEG is hereinafter called "PEG-XO"), and hence the remarkable antitumor effect of such conjugates, 
like PEG-XO. 

[001 2] Conjugation of PEG to the e-amino group of lysine residues on the molecular surface of XO would reduce the 
binding affinity to endothelial ceils which contain a high level of anionic charges. The masking of cationic amino groups 
with PEG reduces the binding of PEG-XO to endothelial cells resulting in an enhanced blood circulation time and hence 
in an accumulation of PEG-XO in the tumor by the EPR effect. By administrating hypoxanthine, the substrate of XO, 
subsequent to the administration of PEG-XO, a tumor selective antitumor action can be accomplished by the product 
of this enzyme reaction, which is the peroxide (Fig. 1). 

[0013] As mentioned below, the above effects can be accomplished also by using other oxidoreductases besides 
XO with the subsequent administration of their appropriate substrates. 

[0014] When using the invention in practice, a therapeutically effective amount of the oxidoreductase chemically 
conjugated with PEG is administered to a patient. Subsequently, a substrate of the oxidoreductase is administered 
additionally. 

[0015] As the oxidoreductases used in the present invention, there may be cited, for example, xanthine oxidase, D- 
amino acid oxidase, glucose oxidase, and galactose oxidase, among which xanthine oxidase is preferably used. 
[001 6] If xanthine oxidase is used as the oxidoreductase, its substrate is hypoxanthine or xanthine. Substrates of D- 
amino acid oxidase, glucose oxidase and galactose oxidase are D-amino acids, glucose and galactose, respectively. 
[001 7] These oxidoreductases are chemically conjugated with PEG. 

[001 8] The chemical conjugation of the oxidoreductases with PEG can be carried out by conventional methods. The 
reaction will be carried out under relatively miid conditions, low temperature, neutral to slightly alkaline pH in an aqueous 
solution to avoid denaturation of the enzyme. It could be carried out also in solvents including liquid ammonia. Fur- 
thermore, a modification of amino acid residue(s) involving enzyme activity should be avoided. The conjugation of XO 
with PEG is described below. 

[001 9] XO is an oxidoreductase which takes hypoxanthine or xanthine as the substrate and produces uric acid and 
reactive oxygen molecular species including peroxide (0 2 ") and H 2 0 2 though for a small extent. XO can be easily 
obtained from bovine milk, however the source of XO is not limited to the bovine milk in the present invention. 
[0020] According to the previous findings by the present inventors, PEG is a suitable polymer to be used for conju- 
gation. It is well known that PEG is biocompatible and reduces immunogenicity of foreign proteins upon conjugation 
and further enhances the blood circulation time of the conjugates (cf: in Poly(ethylene glycol) Chemistry: Biotechnical 
and Biomedical Applications, by Harris, J.M. Ed., Plenum: New York, 1992, p. 153-1 69). Activated PEG can be obtained 
by several methods such as condensation reaction between carboxylated PEG and N-hydroxysuccinimide. 
[0021] Other than ordinary single chain PEG, biantennary PEG, which has double branched PEG chains at a single 
conjugation point, can be also used. This biantennary PEG is synthesized using succinimidyl branched PEG. It has 
several advantages as a modifier of oxidoreductase, such as more reduction of immunogenicity and increased stability 
against temperature or various proteases. 

[0022] Conjugation of XO with PEG is carried out in 50 mM sodium phosphate buffer pH 7.4, at room temperature 
or lower, for 30 to 60 m in in this case. The extent of conjugation can be controlled by changing the feed ratio of activated 
PEG to lysyl residues in XO. In the present example, XO conjugated to 17-50 % of lysine residues with succinimidyl 
PEG was obtained by adding a 1 .2-6.7 molar excess of PEG to 1 mole of lysine in XO. 

[0023] PEG-XO or other biocompatible macromolecules can be selectively delivered to a solid tumor due to the EPR 
effect as described earlier (or see Cancer Res., vol. 46, p. 6387-6392, 1986). By administration of hypoxanthine or 
xanthine by injecting them intravenously after the adequate accumulation of PEG-XO in the tumor, but after clearance 
in the general circulation or in normal organs, XO at the tumor site generates reactive oxygen molecular species such 
as 0 2 " and H 2 0 2 , and exerts a unique antitumor action without systemic side effects. 

[0024] The results of this therapeutic tactics using XO and hypoxanthine against S-180 solid tumor model in mice 
demonstrates the significant suppression of tumor growth (Fig. 1 and 2). These results suggest that : i) reactive oxygen 
molecular species, which are generated by the reaction between XO and hypoxanthine, have a potent antitumor activity, 
and ii) the reaction between XO and hypoxanthine occurs in the solid tumor or around its periphery. In contrast thereto, 
native XO showed no significant antitumor activity under the conditions used (Fig. 1), 

[0025] Systemic side effects of PEG-XO/hypoxanthine therapy, which were evaluated by using the body weight as 
a parameter, seem to be not so significant. The results showed only a transitory body weight loss, on day 8-9, but 
recovered on day 10 (Fig. 3). No serious or significant hematotoxicity or liver toxicity was seen. 
[0026] For treating cancer by using the antitumor agents of the present invention, a therapeutically effective amount 
of the chemically conjugated oxidoreductase is first administrated, and after allowing a lapse of adequate time for the 
accumulation of the chemically conjugated oxidoreductase in the tumor, its substrate is administrated. The effective 
and low-toxicity dosage of the substrate is 10-100 mg/kg body weight/day. 

[0027] The proper time to administrate the substrate is preferably 6 to 1 00 h after the administration of the chemically 
conjugated oxidoreductase. The antitumor agents of the present invention may be administered in the form of an 
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5 EXAMPLES 

invention, 
to Procedure of Synthesis 

Frnr pi Q 1- Synthesis of PEG-XO 

o , ■ ik;a^ was first purified by ultrafiltration and concen- 
n Js* » «. 0' ■>■**" » ' 'iT» mM so*m pho«p».» Mss (pH 7.4). 

sodium salicylate at 4 "C. 
25 Physicochemical and Biochemical Characteristics 

^^z^n^m °i " f thp PFG coniuqalion 

t 003 21 TheextentofthePEGconiugat^ 
U.ing.2A6-Trinitro^^ 

as described by Fields (Methods by using the DC Protein Assay kit (B.o- 

The protein concentrations of both natrve XO and PEG-XCV « e ^ q f |m ^, pEG at ^orejtoe-amino groups 
Rad Uborator.es. Hercuies, CA, USA) The -XO having a portion of PEG of 
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results are shown in the Table 1 . 
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Example 3 : Si7e exclusion chr omatography 
were detected at 280 nm (Fig. 4). 
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Example 4: Enzyme activity of PEG-XO 

[0035] The enzyme activity was determined by quantifying the formation of uric acid from hypoxanthine by measuring 
the increase of absorbance at 290 nm, an absorption maximum of uric acid. The initial concentration of the substrate 
5 hypoxanthine was 50u.M. The enzyme reaction was carried out in 50 mM sodium phosphate buffer (pH 7.4) at room 
temperature. One unit of XO activity is defined as the velocity of the formation of 1 u,mol of uric acid per min . The results 
are shown in the Table 1 . 

[0036J PEG-XO-low showed slight increase of the activity (110 %) compared with Native XO. PEG-XO-high, even 
after a 49 % conjugation of the amino group, retained 54 % of the original enzyme activity of Native XO. 

10 

Pharmacokinetic studies 

Example 5 : In vivo distribution of PEG-XO conjugate after intravenous injection 

15 [0037J In vivo distribution of Native XO and PEG-XO-high was examined by using radioemitting 125 l-labeled deriv- 
atives. Both radiolabeled Native-XO and PEG-XO-high were prepared by the chloramine T method. 
[0038] Sarcoma 180 tumor cells were implanted subcutaneously with 2 x 10 6 cells in male ddY, 6-week-old mice, 
weighting 30-35 g, from SLC Inc., Shizuoka, Japan. The organ or tissue distribution study was performed on day 7-10 
after the tumor inoculation, when the tumors were 5-7 mm in diameter, but contained no necrotic region. 

20 [0039] 125 l-Labe!ed Native-XO or PEG-XO-high was administered to mice via the tail vein (100 uJ/mouse). After 24 
h, the mice were sacrificed, and blood samples were drawn by cardiac puncture, and they were then subjected to 
reperfusion with heparin containing saline to remove blood components in the blood vessels of the tissues. The tumor 
tissue as well as normal tissues including the brain, liver, spleen, muscle, skin, heart, lung, colon, and kidney were 
collected and weighed. The radioactivities of those tissues were measured by a gamma counter. 

25 [0040] As shown in Fig. 5, PEG-XO-high was found to significantly improve both the blood and the tumor accumu- 
lation compared with that of Native-XO, whereas slight or negligible increase in accumulation in other normal organs 
was observed for PEG -XO-high. Furthermore, less accumulation of PEG-XO-high in the kidney was observed than 
with Native-XO. 

30 Example 6 : Time course of tumor accumulation of PEG-XO conjugate 

[0041 ] The time course of the tumor accumulation of PEG-XO-high was examined by measuring the enzyme activity 
• derived from PEG-XO-high in the tumor tissue. Tumor bearing mice were prepared as described above. PEG-XO-high 
(2U/ml, 100 u.l) was injected intravenously (i.v.) to the mice. After a given period, the tumor tissue was removed as 

35 described above. The tumor tissue was then homogenized with three volumes of 20 mM potassium phosphate buffer 
pH 7. 6 which contained 2 mM ethylenediaminetetraacetic acid, 2 mM amidinophenylmethanesulfonyl fluoride, 10 mM 
dithiothreitol, 0.5 u.g/ml of leupeptin. The homogenates were centrifuged at 1 0, 000 g for 20 min, and each supernatant 
was applied to a FPLC system with a Superose 6 HR 1 0/30 column similar to the previous section. The enzyme activity 
of the PEG-XO-high fraction was determined fluorometricalfy, i. e., the formation of fluorescent isoxanthopterin from 

40 pterin was measured with an excitation at 345 nm and an emission at 390 nm, in which hypoxanthine was replaced 
with pterin as substrate. The quantification was made using the calibration curve of the authentic isoxanthopterin 
(Aldrich Chemical, Milwaukee, Wl). 

[0042] The tumor accumulation of PEG-XO-high with its enzyme activity was demonstrated by measuring the XO 
activity of the homogenate of the tumor before and 24 hrs after the PEG -XO high injection. The results are shown in 
45 Fig. 6. 

In S-180 solid tumor tissue without the administration of PEG-XO-high, XO activity appears only in a fraction corre- 
sponding to Native XO. This means that a small amount of XO had existed in the tumor tissue endogenously (Fig 6A). 
On the other hand, with the solid tumor tissue after PEG-XO-high injection (0. 2 U/mouse), a new large peak of XO 
activity was observed at the molecular weight range different from Native XO. This new peak consisting of fraction 
so numbers of 11 , 12, and 13 corresponds to the molecular weight range of PEG-XO-high as demonstrated in Fig. 4. 
[0043] Thus, Figs. 6A and 6B show that the XO activity in tumor, corresponding to the molecular weight range of 
PEG-XO-high, appeared after the PEG-XO-high administration. 

[0044] In addition, the PEG-XO-high activity increased in a time dependent manner (Fig, 7). 
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Antitumor activity in vivo 
Exam ple 7 : An titumor activity of PEG-XO in vivo 

. »h o v me ce ii s in male ddY, 6-week-old mice, weighting 

Ml) * H «* «™ »™ lhan 6 " f "**J£2t rtc "Lrtsimd ««. PEG-XO-Mgh. »«««, a **< 
l»<O05)s W rss.i<>nome»»o'9r°^ ,). Th. «.lg» ol tumor 16 Hays 

LflJ b, Id- XO oWbd b. «S« « I J^^oSSrit), aodO.2210.05 g (PEG-XO- 

20 growth by PEG -XO-high. 

Example « : S ystemic side effect of PEG-XO 
IMtt) .br—^b.^iooi^E^^ 

as indicated by the asterisks (*). ri «-r P ase of the body weight was observed on day 8 and day 9, 

Fi ,, s ^, M o,o=,.,»«-XO..-P E G-X-*...«..-..S-,.o»l M .»-ln-«< 2 «™o 
administration). 4U f q 1 fi0 solid tumor in ddY mice (3 times administration). 

JJtT- bob M *Pb«*b. — Won o. PEG-XO-b* IP Pome W. 
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and/or galactose. 

, ■ , .notorized in that the oxidoreductase is xanthine oxidase and the sub- 
Antitumor agent according to claim 1 , characterized In that 
strate of the oxidoreductase is hypoxanth.ne or xanthine. 
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glykol) chemisch konjugiert ist, und durch ein Substrat der Oxidoreductase in Form von Hypoxanthin, Xanthin, 
einer D-Aminosaure, Glucose und/oder Galactose. 

2. Antitumormittel nach Anspruch 1, dadurch gekennzeichnet, daB die Oxidoreductase Xanthinoxidase und das 
Substrat der Oxidoreductase Hypoxanthin oder Xanthin ist. 



Revendlcations 

10 1. Agent antitumoral, caracterise par une combinaison d'une oxydoreductase sous forme de xanthine oxydase, 
d'acide amine D oxydase, de glucose oxydase et/ou de galactose oxydase, laquelle oxydoreductase est chimi- 
quement conjuguee avec le polyethylene glycol, et d'un substrat de I'oxydoreductase sous forme d'hypoxanthine, 
de xanthine, d'un acide amine D, de glucose et/ou de galactose. 

15 2. Agent antitumoral, selon la revendication 1 , caracterise en ce que I'oxydoreductase est la xanthine oxydase et 
le substrat de Poxydo reductase est I'hypoxanthine ou la xanthine. 
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Days after tumor inoculation 



Fig. 1 



8 



4 



EP 0 898 968 B1 




Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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